Study on the Load-bearing Capacity of Cold-formed Sigma Purlins by Laine, Markku & Makelainen, Pentti
Missouri University of Science and Technology 
Scholars' Mine 
International Specialty Conference on Cold-
Formed Steel Structures 
(1994) - 12th International Specialty Conference 
on Cold-Formed Steel Structures 
Oct 18th, 12:00 AM 
Study on the Load-bearing Capacity of Cold-formed Sigma Purlins 
Markku Laine 
Pentti Makelainen 
Follow this and additional works at: https://scholarsmine.mst.edu/isccss 
 Part of the Structural Engineering Commons 
Recommended Citation 
Laine, Markku and Makelainen, Pentti, "Study on the Load-bearing Capacity of Cold-formed Sigma Purlins" 
(1994). International Specialty Conference on Cold-Formed Steel Structures. 2. 
https://scholarsmine.mst.edu/isccss/12iccfss/12iccfss-session2/2 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Specialty Conference on Cold-Formed Steel Structures by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
T\\'dfth International Spedalty Conference on Cold-Formed Steel Structures 
SI. Louis. Missouri. U.S.A .• October 18-19. 199-l 
STUDY ON THE LOAD-BEARING CAPACITY 
OF COLD-FORMED SIGMA PURLINS 
Markku Laine 1 and Pentti Mlikeliiinen 2 
ABSTRACT 
Experimental investigations conducted on the structural behaviour and ultimate load carrying 
capacity of coldjormed sigma purlins are reported. Three different purlin systems, i.e. the 
double spanning, the sleeved and the overlap system, were investigated. In addition to the full-
-scale tests on 2-span purlin - sheeting system with screw fastening and with continuous, sleeved 
and overlapped central supports, tests on single span purlins were also conducted for finding out 
bending moment and shear capacity values at the central support of a multiple span sigma 
purlin. Analytical considerations for modelling the cross-sectional behaviour of the sigma purlin 
itself and the local deformation of the connection at supports are carried out mainly according 
to the draft of EurocOde 3 (Part 1.3). Test results are used to compare and to confirm the 
calculation models based both upon elastic (Eurocode 3) and plastic behaviour of the purlin. A 
new plastic design proposal is presented/or multiple span sigma purlins. 
1. INTRODUCTION 
Cold-fonned steel sections are widely applied as purlins in roofing systems in combination with 
trapezoidal sheeting. One structurally effient cold-fonned profile for roof purlins is the sigma 
secti.on which is for some recent years also been in use in Finland .. 
In order to study the basic load-carrying characteristics of sigma roof purlins, an extensive test 
program on three basic types of purlin systems i.e. the double spanning, the sleeved and the 
overlap system, was perfonned. Main test type was the so called substitute beam test on single 
span purlin having the span length equal to the distance between moment zero-points in a 6-span 
continuous purlin in lUljacent spans at the central support. The purpose of these 
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tests was to fmd out bending moment and shear capacity values at intermediate SJIpports of a 
multiple span sigma purlin. Total number of these tests on three connection types was 21 with 
4 of the continuous, 6 of the sleeved and 11 of the overlap type. 
Full-scale tests on purling-sheeting system with screw fastening and with double spanning were 
performed for three basic connection cases (continuous, sleeved and overlapped) at the central 
support. Full-scale tests were necessary to confmn the results of the substitute beam tests and 
also to gnarantee and verify the design method developed on the basis of these tests. Three full-
scale tests were conducted with one for each connection case. 
The objective of this paper is to compare experimentally determined capacity values of 
continuous purlins with the design values based on the Eurocode 3 and to develop a new plastic 
design method for multiple span sigma purlins as an alternative design procedure to the elastic 
Eurocode 3 (EC3) design method. 
2. BACKGROUND AND ANALYTICAL CONSIDERATIONS 
2.1 LATERAL BENDING OF SIGMA SECTION 
Due to the low lateral stiffness of cold-formed open sections used in roof purlins, the cross-
sectional behaviour is normally accompanied by distortional deformations in the cross section 
which is to be taken into consideration in determining the bending moment capacity of the 
purlin. Fig. 1a shows the principle of EC3 [1] (same principle also in [2]) in which bending and 
torsion of the cross-section is converted into in-plane bending and lateral bending of the free 
flange. Lateral bending of the cross-section can be interpreted as to be caused by a lateral force 
('!h=kbq) as shown in Fig. 1a. Coefficient kb must be determined as a vector resultant of 
coefficient kt, for bending and of coefficient k, for torsion. 
Shear force (V') in lower flange of sigma cross-section in bended purlin (Fig. 1b) can be 













Second moment of area of sigma cross-section 
Statical moment of lower flange of sigma section 
Thickness of section wall 
Flange width of sigma section 
(1) 
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Torsion of the sigma cross-section under lateral bending (Fig. la) can be interpreted as a 
moment having lever arm e and coefficient kt equals thus to e divided by section depth H. 
Downward load q is assumed to act as a line load at the junction of upper flange and web. For 
studied sigma sections, coefficient kt is small compared to coefficient kt. and consequently 
torsion has only a small (about 10%) effect in lateral bending of these sections. 
2.2 ELASTIC SUPPORT OF PURLINS IN THE CALCULATION MODEL 
In roofing systems, purlin is normally connected to sheeting by screw fastening and therefore 
purlin is elastically supported both against lateral deflection and rotation. In addition to 
deformations in connections and in purlin, concentrated fastening point in the connection causes 
also elasticity in the purlin support. Connection between purlin and sheeting is generally 
assumed as continuous. Fastening between sheeting and purlin prevents rotation in the 
connection and when upper flange of a bended purlin tends to rotate it causes resisting torsional 
moment proportional to this rotation. This behaviour can be modelled by a linear rotational 
spring having spring constant CD' This model can be further simplified by replacing rotational 
spring with a linear translational spring having spring constant K (cf. [1] and [2]). This 
translational spring describes an elastic foundation on which free flange of the section is acting 
as a beam on an elastic foundation. 
Elastic support of a purlin combined with sheeting can be modelled by the total rotational 
restraint lICD' Rotational restraint of the connection between sheeting and purlin can thus be 
notated by I/CD.A' and that of the sheeting by lICD,c which is often neglected because of its 
minor influence. Distortional restraint of the section can be notated by lICD,B' As above when 
these rotational restraints are simplified as translational restraints, the following expression for 
elastic support of the purlin can be written as 
1 1 1 1 
-=-+-+-
K KA ~ ~ 
Lateral spring stiffness 
Rotational stiffness of the connection between sheeting and pUrlin 
Distortion of cross-section of the purlin 
Bending stiffness of the sheeting 
(2) 
Formula (2) corresponds to the principles for modelling the behaviour of laterally braced purlins 
presented in EC3 [I]. 
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3. EXPERIMENTAL RESEARCH 
3.1 SUBSTITUTE BEAM TESTS 
Substitute beam tests on single span sigma purlins with the span length equal to the distance 
between moment zero-points of a continuous 6-span purlin in adjacent spans at the central 
support were conducted to find out bending moment and shear capacity values at the central 
support of a multiple span sigma purlin. Test set-up of substitute beam tests is shown in Fig. 2a 
where mid-span point load F is applied by a hydraulic jack combined with load cell. Fig. 2b 
shows a photograph of the continuous type in substitute beam tests. 
Three types of sigma purlin systems, i.e. double spanning, overlap and sleeved system shown in 
Fig. 3 were used in tests. Cold-formed sigma. sections used in tests are shown in Fig. 4a. Three 
section wall thicknesses of 1.5, 2.0 and 2.5 mm and three purlin depths of 175, 200 and 300 mm 
were used and grade of cold-formed steel was Z 36 (Grade D, ASTM A466M-83) with nominal 
yield strength of 360 N/mm2. Fig. 4b shows connection detail of the support cleat used in the 
mid-span under point load and in purlin end supports. The cleat of 5 mm thickness was formed 
to the shape of sigma purlin web and it was stiffened by a 5 mm transversal steel plate of grade 
Fe 360 B (ISO 630-80) with nominal yield strength of 235 N/mm2. Sleeve thickness in sleeved 
connection was 0.5 mm thicker than purlin wall thickness (except for 2.5 mm purlin wall 2.5 
mm) and sleeve length was 1000 mm for purlin depth of 175 mm and 1500 mm for purlin depth 
of 300 mm. Overlap lengths were 1200 mm for purlin depths of 175 and 200 mm and 1700 mm 
for purlin depth of 300 mm . Parameters of various substitute beam tests are collected in Table 
1. 
3.2 FULL-SCALE 2-SPAN SIGMA PURLIN TESTS 
Full-scale tests on 2-span purlin-sheeting system with screw fastening were performed to 
confmn the results of the substitute beam tests and to verify the design method developed on the 
basis of these tests. Fig. 5a shows the test set-up of full-scale tests and the principle how point 
load F was applied and divided onto 2-span purlin-sheeting system with span length of 6 m and 
purlin spacing of 1.4 m. Fig. 5b shows a photograph of full-scale test in continuous connection 
case. One sigma purlin section with depth of 300 mm and wall thichness of 2.0 mm was used in 
all tests. Three basic connection cases (continuous, overlap and sleeved) with similar sleeve and 
overlap lengths and support cleats as in the substitute beam tests were used in the full-scale tests 
planned and arranged according to the principles presented in [3]. Trapezoidal sheeting with 
depth of 45 mm and plate thickness of 0.7 mm was cold formed from steel grade Z 32 (nominal 
yield strength of 320 N/mm2). Sheeting was fastened to purlin by using self-drilling screws (<1>5.5 
mm) in alternate lower flanges. 
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4. TEST RESULTS AND ANALYSIS 
4.1 SUBSTITUTE BEAM TESTS 
With the measured deflections for different point load values, mid-span rotation was determined 
according to [1] and in addition to that load-deflection relationships for three connection cases 
were recorded as shown in Fig. 6(cf. Table 1). Fig. 6 shows that the overlap purlin system has 
no practical rotation capacity in the central support. 
Typical failure mode in continuous purlin system was a local buckle in compressed upper flange 
under point load in each 4 tests (SI, S2, S7 and S8 in Table 1). In overlap (S3, S4, S9, SIO, 
SKI, SK2, SI7, SI8, SI9, S20 and S2I in Table 1) and sleeved (S6, Sll, SI2, S13 and SI4 in 
Table 1) purlin systems failure occured in compressed upper flange at connection area except in 
test S5 where sleeve buckled under interaction of shear force and bending moment. 
4.2 FULL-SCALE 2 -SPAN SIGMA PURLIN TESTS 
4.2.1 PRINCIPLES OF ANALYSIS 
In the analysis of test results, small reduction of the plastic moment resistance of sigma section 
due to the shear force was neglected. Influence of concentrated load on the local behaviour at 
loading and support area of purlin was ignored together with influence of the connection design. 
Test results are shown in Table 2 with experimental and calculated ultimate load capacity values 
( F max , FMt and FM ). Elastic load capacity values for continuous connection case were 
determined according to EC 3 [1]. For overlap and sleeved connection cases, theoretical capacity 
values were determined according to the plastic design by applying plastic hinge mechanism 
with the hinge fIrst forming at the central support and then at the mid-spans of continuous 
purlin. This plastic design method was also applied to the load capacity calculation for 
continuous connection case. Third method between elastic and plastic design i.e. method based 
on the limit stage of fIrst formation of plastic hinge at the central support was also applied in the 
load capacity calculations of sigma purlins. 
4.2.2 CONTINUOUS CONNECTION CASE 
The load - deflection diagrams measured for continuous connection case of the purlin-sheeting 
system (purlins with span length of 6.0 m , spacing of 1.4 m, depth of 300 mm and wall 
thickness of 2.0 mm) are shown in Fig. 7 for mid-span deflections of both continuous purlins 
(Aand B) in the left and right hand spans. 
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The hogging moment Me at the central support caused by the load F divided into 8 point loads 




Load at mid-span 
Span length of continuous purlin 
Distances ofloads F/8 from edge support of continuous sigma purlin. 
4.2.3 OVERLAP AND SLEEVED CONNECTION CASES 
(3) 
Bending moment capacity of the overlap purlin system was presumed as the sum of capacities 
of the two overlapped purlins. For the sleeved system, moment capacity was assumed as equal 
to that of the sleeve. Bending moment diagrams and deflections of both the overlap and the 
sleeved purlin system was determined by using a linear FEM-program. 
4.2.4 LATERAL DISPLACEMENT OF THE FREE LOWER FLANGE OF PURLIN 
-." 
In full-scale tests, the observed lateral displacement of the free lower flange of sigma purlin was 
opposite (outwards) to that predicted by the rules of EC 3 [1] (inwards) as illustrated in Fig. 8. 
This observed behaviour was checked and verified by a FEM-calculation carried out for a 
similar 4-span sigma purlin giving same direction for the lateral displacement of free flange and 
also the same deflection behaviour of sigma purlin. 
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5. CONCLUSIONS 
The following conclusions are drawn from the results of substitute beam tests: 
(a) In the continuous connection case, experimental moment capacities were from 1 % to 10% 
higher than calculated capacities. 
(b) In the overlap connection case, experimental moment capacities were between 70% and 90% 
of that for two sigma purlins. 
(c) In the sleeved connection case, experimental moment capacities were between 83% and 94% 
of that for sleeve, and from 2% to 13% higher than calculated capacities in case of sleeve 
thickness equal to that of connected purlin walls (tests S 6, S 12 and S 14). 
Tests results confirmed that moment capacity both for overlap and sleeved system can be 
determined as plastic hinge moment of sigma section at the central support. 
The following conclusions are drawn from the results of full-scale 2-span sigma purlin tests: 
(a) In the double spanning case, calculated (EC 3) plastic moment capacity was 3.27 times that 
of calculated elastic capacity, and capacity based on first formation of plastic hinge at central 
support was 2.24 times that of elastic capacity. Experimental capacity was 2.27 times that of 
calculated elastic capacity. Mid-span deflection under service load (ultimate load /1.6) was about 
L/500. 
(b) In the overlap system, experimental capacity was only 75% of calculated plastic capacity 
because of local failure caused by concentrated point load. Mid-span deflection under service 
load was L / 307. 
(c) In the sleeved system, experimental moment capacity was between 1.02 and 1.10 times 
plastic hinge capacity at central support. Mid-span deflection under service load was L /379. 
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APPENDIX II. - NOTATION 
e 
Flange width of sigma section 
Total rotational spring constant ( CD.A C D. B and CD. c those of purlin-sheeting, 
distortion and sheeting, respectively) 
Lever arm 
Distances of loads F/8 from edge support of sigma purlin 
Point load 
Depth of sigma purlin 
Second moment of area of sigma purlin 
Lateral spring stiffness ( KA , KB and Kc those of purlin-sheeting, 
distortion and sheeting, respectively) 
Coefficients of lateral bending of purlin for bending and torsion, respectively 
Coefficient ( 'Ib = ~ q ) 
Span length of sigma purlin 
Bending moment 
Hogging bending moment at central support 
Shear force 
Downward load 
Statical moment of lower flange of sigma section 
Purlin wall thickness 
Shear force of lower flange of sigma section 
Deflection of sigma purlin 
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TABLE 1 Results of substitute beam tests 
type depth thickness span lap· F 
mm mm mm mm kN 
Sl cont. 175 1.5 2300 14.04 
S2 cont. 175 2.5 2300 26.63 
S3 overlap 175 1.5 2300 1200 20.04 
S4 overlap 175 2.5 2300 1200 34.38 
S5 sleeve 175 1.5 2 2300 1000 17.53 
S6 sleeve 175 2.5 2.5 2300 1000 26.65 
S7 cont. 300 2 3000 34.31 
S8 cont. 300 2.5 3000 47.5 
S9 overlap 300 2 3000 1700 62.54 
SIO overlap 300 2.5 3000 1700 80.85 
Sl1 sleeve 300 2 2.5 3000 1500 42.85 
S12 sleeve 300 2.5 2.5 3000 1500 48.95 
S13 sleeve 300 2 2.5 3000 1500 26.05 
S14 sleeve 300 2.5 2.5 3000 1500 37.74 
SKI overlap 300 2 3000 1200 46.85 
SK2 overlap 300 2 3000 1200 47.5 
S17 overlap 300 1.5 3000 1200 17.14 
S18 overlap 300 1.5 3000 1200 18.85 
S19 overlap 300 1.5 3000 1200 18.21 
S20 overlap 300 2.5 3000 1700 67.36 
S21 overlap 300 2.5 3000 1700. 69.04 
f TABLE 2. Results of ull-scale 2-span Slj?;ma purlin tests. 
F""" FMt F F"",,/FMt Fm.x/F",-
kN kN kN 
Con!. 67.64 66.4 1.018675 
llurlin A 67.47 1.00252 
llurlin B 69.17 0.977881 
Sleeve 83.2 
llurlin A 
SLl 84.71 80.18 0.982174 1.037665 
SL2 87.37 81.12 0.952272 1.025641 
SL3 81.47 75.64 1.021235 1.099947 
purlin B 
SLl 84.82 80.18 0.980901 1.037665 
SL2 87.47 81.12 0.951183 1.025641 
SL3 81.57 75.64 1.019983 1.099947 
Overlap 87.32 
Purlin A 
01 120.86 115.25 0.722489 0.757657 
02 122.26 116.58 0.714216 0.749014 
03 122.26 116.58 0.714216 0.749014 
Ipurlin B 
01 119.99 115.25 0.727727 0.757657 
02 121.39 116.58 0.719334 0.749014 
03 121.39 116.58 0.719334 0.749014 
Fm", experimental ultimate load 
FM' calculated ultimate load with real material prop. 




Fig. 1. a) Lateral bending of sigma purlin section. b) Shear force of free lower flange. 
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Fig. 3. Sigma purlin systems. 
SIGMA I-,ee~ 
S175 S200 S300 
RK 20 20 25 .1e 
B2 75 75 80 
U12 51 51 63.5 
U22 17.5 17.5 19 
h 42 67 139 .,e 
U2 17.5 17.5 19 
UI 47 47 59.5 
b 65 65 70 
H 175 200 300 
s 31 31 33 
(= 1.5, 2.0 and 2.5 mm 
90'+-]" 211118 
a) b) 
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Fig. 5. a) Test set-up of full-scale sigma purlin tests. b) Test in continuous connection case. 
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Fig. 7. Load-deflection curves of full-scale tests in continuous connection case. 
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Fig. 8. Lateral displacement of free lower flange of sigma purlin section. 
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